where ΔX (carbon dioxide [CO 2 ] or carbon monoxide [CO] ) represents the in-plume enhancement, compared with the out of plume background: ΔX = X plume -X background (S2)
The MCE shows the degree of completeness for a combustion process. An MCE of 1 represents complete combustion, with all carbon in the fuel being emitted as CO 2 . Typical MCE values for wildfire biomass combustion are 0.80-1.00. We have developed a method to calculate the MCE using a range of possible background mixing ratios and include an uncertainty calculation for the resulting MCE. Measurements of the plume mixing ratio of CO 2 or CO are straightforward. The challenge is to identify the correct background mixing ratio to use. In general, larger plumes exhibit smaller uncertainties, due to the fact that background variations become less important.
Our observations of wildfire plumes were made at the Mount Bachelor Observatory (MBO), located on the summit of Mount Bachelor. This site experiences strong diurnal variations in temperature, ozone (O 3 ), water vapor, and other parameters. Previous work has found that MBO usually experiences free tropospheric air during the night and modified (or mixed) boundary layer air during the day (Reidmiller et al., 2010; Ambrose et al., 2011; McClure et al., 2016) . Fig.   S1 shows the mean and median diurnal pattern of CO 2 and water vapor mixing ratios for August 2013. The figure shows that upslope air, which occurs during daytime, is more humid and lower in CO 2 . At MBO, boundary layer transport of wildfire plumes is common, but some plumes also arrive in free tropospheric airmasses. Either way, the background value is uncertain due to the transport of the plume away from its source. We consider three possible values for the background: the local minimum immediately prior to observations of the plume; the observed value at 1600 LST (0Z);
and the median 0Z value for that month. Use of the 0Z values at MBO allow one to include information on the background mixing ratios in the boundary layer (where the fire plumes were formed) during the afternoon. Note that the usual procedure is to use the local minimum, but as pointed out by Yokelson et al. (2013) , this may introduce a significant bias into the calculation.
We then calculate X background (for both CO and CO 2 ) using the average of these three background estimates for each plume.
The uncertainty in the MCE is based on a standard "propagation of error" computation, also known as the delta method, derived from a first order Taylor series approximation of the nonlinear expression for MCE.
where M=MCE; A= ΔCO 2 , B=ΔCO, and δ refers to the uncertainty (standard deviation) of the corresponding terms.
For CO 2 and CO, we do not have a true standard deviation, but assign the uncertainty to be half the range in the three background values. The final uncertainty value also includes uncertainty due to measurement error. Table S1 shows five example plumes with a range of MCE values and uncertainties. The first (shown in Fig. S2 ) and the second example are both from the Pole Creek Fire, a large fire that burned over several days about 20-30 km from MBO. The large CO and CO 2 enhancements for these plumes indicate that the background variations are relatively unimportant in calculating the MCE. For the large plume on 19 September 2012 (plume #2), the CO 2 enhancement is more than 56 ppmv and the uncertainty is dominated by the instrumental/measurement uncertainty. Plumes 4 and 5 (in Table S1 ) both exhibit modest CO 2 enhancements; however, in the case of plume 4, the three background CO 2 mixing ratios are in good agreement and thus the overall uncertainty in MCE is relatively small. For plume 5, the CO 2 enhancements are relatively small and the variation in background is significant, so the overall uncertainty is substantial (±0.14).
In summary, we have developed a method to calculate the MCE and its associated uncertainty.
The method considers multiple possible background mixing ratios, and uses these to calculate the uncertainty in the MCE. This analysis demonstrates that large, concentrated fire plumes have small uncertainties in the calculated MCE, whereas plumes with small enhancements will have much larger uncertainties. The enhancements (or Δ) are calculated using the plume maximum and the average of the three background values.
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The uncertainty in the enhancements is assumed to be half of the range of the three background values, plus the measurement uncertainty. 3 The absolute uncertainty in the MCE is calculated using Equation S3. . The downslope free tropospheric air occurs at night between hours 0400-1600 GMT (2000-0800 local time). This air is drier and higher in CO 2 . The upslope air is more humid and lower in CO 2 (1600-0200 GMT, 0800-1800 local time). 
